It has been reported that methanol, ethanol and acetone have an anticholinesterase action on the skeletal neuromuscular system (FENG and LI, 1941) and that ethanol facilitates the synaptic transmission of stelate ganglia of cat (LARRABEE and POSTERNAK, 1952) . It has also been shown recently that ethanol, methanol and n-propanol act on the neuromuscular junction of diaphragm of cat pre-and post-synaptically, by observing e. p. p. s and miniature end-plate potentials (m. e. p. p.s) (GAGE, 1965) .
After introduction of the microapplicating method of acetylcholine on the end-plate (NASTUK, 1953) , the function of the nerve terminal of the neuromuscular junction and of the end-plate receptor membrane has almost been clarified KATZ, 1955, 1956a, b; KOKETSU, 1958; DUDEL, 1965) and several hypotheses on the mechanisms of the neuromuscular chemical transmission have been proposed (FATT and KATZ, 1952a, b; THESLEFF, 1960; OKADA, 1961; KOELLE, 1962) .
In the present experiments, the changes in e. p. p. s, m. e. p. p. s and acetylcholine potentials (Ach potentials) produced by several kinds of alcohols and acetone were investigated intracellularly and it was found that the effect of alcohols on the frequency of m. e. p. p. s was especially dramatic.
The results obtained will be discussed on the mechanism of action of alcohols and acetone pre-and post-synaptically. tions of ethanol and methanol. It was measured 3 to 5 min after addition of alcohol because it was the largest at this time (described above).
The largest amplitude of Ach potentials was increased as the concentration of alcohol increased.
In 1% ethanol, it was about 210% original and was about 180% original in 0.8% methanol.
But the degree of its increase was rather small when the concentration of alcohol was over about 1%. In 3% ethanol the largest amplitude was smaller than the original value (FIGs.3A, 4A and 5). The resting potentials in methanol (up to 2.5%) were approximately the same as those in normal.
The half time of decay of Ach potentials was prolonged in methanol and was longer as the concentration of methanol increased.
It was about 150% original in 1.3% methanol. The amplitude of carbachol potentials which were induced when carbachol was applied iontophoretically from the tip of micropipette on the end-plate, was increased in ethanol as that of Ach potentials was (FIG.3B) .
It seems likely that carbachol is as effective on the end-plate as acetylcholine is (DEL CASTILLO and KATZ, 1956b The effects of acetone on Ach potentials were similar to those of alcohols.
The amplitude of Ach potentials was the highest in about 0.2% acetone and was decreased when the concentration of acetone was over about 0.2% (FIG. 4B). It seems likely that acetone is more effective on the end-plate receptor membrane as compaired with ethanol.
The resting potentials in acetone (up to 0.5%) were approximately the same as those in normal.
The changes in Ach potentials and m. e. p. p. s in alcohols and acetone were reversible rather rapidly when these drugs were removed.
2. End-plate potential The effects of ethanol on the e. p. p. s were investigated. The amplitude of e. p. p. s was increased as the concentration of ethanol in the bathing fluid increased but was decreased when the concentration of ethanol was over about 1.5% (FIGs.3C and 5). The time course of e. p. p. s was prolonged also in ethanol as that of Ach potentials was.
In most cases, the amplitude of e. p. p. s was zero suddenly after a while in concentrated ethanols (about 1.5% or more) when the nerve was stimulated successively and also it reappeared suddenly when the alcohol was removed.
In many cases it was observed that the amplitude of e. p. p. s was decreased rather rapidly in a short time just before the sudden disappearance of e. p. p. s. These sudden changes in the amplitude of e. p. p. s seem to obey "all-or-none". On the other hand, the amplitude of Ach potentials was decreased gradually as the concentration of alcohol increased (over about 1% ethanol) and never seemed to be zero suddenly like the amplitude of e. p. p. s did. It is likely that the conduction of excitation at the nonmyelinated nerve terminal is blocked in more concentrated ethanol because Ach potentials and m. e. p. p. s can still be seen in these solutions.
The changes in e. p. p. s in ethanol-Ringer's solution were reversed when A B FIG.6. M. e. p. p. s in methanol-and ethanol-Ringer's solutions. A: upper part; control, lower part; 10 min after addition of ethanol to the bath (2.5% ethanol). B: upper part; control, lower part; 10 min after addition of methanol to the bath (2% methanol).
the ethanol was removed.
3. Miniature end-plate potential When Ach potentials in alcohol were observed, it was easily seen that the frequency and the amplitude of m. e. p. p. s were increased markedly as described above.
Usually not so many m. e. p. p. s could be seen in the traces of Ach potentials in normal.
The frequency of m. e. p. p. s in normal Ringir's solution was in a range of 0.2 to 6.3 per sec and was rather constant in an end-plate during the time observed in the present experiment.
It was found that the frequency of m. e. p. p. s was increased dramatically when ethanol was added to the bath. The frequency was increased as the concentration of ethanol increased. It was about 3 times original in 1% ethanol and was about 13 times original in 2.5% ethanol.
In a higher concentrated alcohol, many summations of m. e. p. p. s were observed in most cases (FIGs.6A and 8) .
In part; control, lower part; 8 min after addition of n-propanol to the bath (0.5% n-propanol). B: upper part; control, lower part; 10 min after addition of acetone to the bath (1% acetone).
observed and these samples were excluded.
It is curious that many large m. e. p. p. s can be seen still more in about 3% or more concentrated ethanol in which the neuromuscular transmission by the nerve stimulation was blocked completely (no response can be observed).
In some cases a spontaneous twitch of the muscle was observed in a higher concentrated alcohol. In the same way, the changes in the frequency of m. e. p. p. s were observed in methanol-, n-propanol-and acetone-Ringer's solutions (FiGs.6B and 7A, B). These drugs were effective on the frequency of m. e. p. p. s as ethanol was. The frequency was 9 times original in 3% methanol and was 5 times original in 1% n-propanol and was 6 times original in 2 .5% acetone (FIG.8) The time course of m. e. p. p. s also prolonged markedly in these drugs as that of Ach potentials was.
The changes in the amplitude of m. e. p. p. s in ethanol-Ringer's solution were investigated.
The amplitude was increased gradually after addition of ethanol to the bath and was constant approximately in about 10 min (FIG.9) . It seems likely that ethanol acts on the nerve terminal in a longer time because the amplitude of Ach potentials had the highest value in 3 to 5 minutes as described above. increased. It was measured 10 min after addition of the drug to the bath. It was about 190% original in 2.5% ethanol (FIG.10) .
FIG.10 shows that the m. e. p. p. amplitude is approximately proportional to the concentration of alcohol. On the other hand, when the concentration of ethanol was increased gradually in the bath, the amplitude of Ach potentials was increased in up to about 1% ethanol and was decreased in more concentrated ethanol solutions.
In the same way, the e. p. p. amplitude was increased in up to about 1.5% ethanol and was decreased in more concentrated ethanol The summated m.e.p.p.s were excluded for measuring the amplitude of the potentials in the present experiment.
4. Resistance of muscle membrane It has been reported that many substances act either by increasing or reducing the number of Ach-quanta released from a nerve impulse and no agent has yet been found which has a demonstrable effect on the size of the transmitter quantum (KATZ and THESLEFF, 1957a ; LILEY, 1956) . As the possibility existed that the resistance of the muscle membrane was increased by alcohol, the effective resistance was investigated in sartorius muscles of frog and toad using intracellular microelectrodes by the method reported previously (KATZ and THESLEFF, 1957a; GAGE, 1965 In normal Ringer's solution it was in a range of 0.16 to 0.89 MQ in the present experiment (in 23 fibres of 18 sartorius muscles). This method was complicated by the tendency of the low resistance microelectrodes to depolarize the muscle fibres and cause a fall in effective resistance as described by GAGE (1965) . Thus it was made sure that the changes in the resistance in ethanol were restored to their original values approximately after removal of the drug (Fig.11) The results of the present experiment show that the effective resistance of the muscle membrane was decreased in ethanol. It was average 96% normal in 1% ethanol and was average 88% normal in 3% ethanol (FIG.12) . This result is opposed to that of the previous report that the effective resistance in cat diaphragm was increased by ethanol but the increase was not sufficient to explain the increase of the m.e.p.p. amplitude in ethanol (GAGE, 1965) . The discrepancy in the changes in effective resistance between the present experiment and the previous report might arise from the difference in the preparations used.
DISCUSSION
The previous report showed that the e.p.p. amplitude was about 150% original in 3% ethanol-Ringer's solution according to an extracellular recording method (OKADA and ADACHI, 1961) . The present investigation clarified that the e.p.p. amplitude recorded intracellularly was increased as the concentration of alcohol increased (up to about 1.5%). On the contrary it was decreased when the concentration of alcohol was more than about 1.5%. And then the amplitude was zero suddenly after several minutes in these concentrated alcohols.
When the bathing fluid containing alcohol was exchanged for normal Ringer's solution, the e.p.p. reappeared suddenly.
The discrepancy between the previous and the present observations may have arisen from the difference in the method used. As this phenomenon seems to follow " allor-none ", it may be seen that the conduction of nerve excitation is blocked at the nonmyelinated nerve terminal by alcohol, because the myelinated nerve fibre is never blocked in such a concentration of alcohol and because Ach potentials and m.e.p.p.s can be seen still more in these concentrated alcohols. Therefore, the nerve terminal which is related to acetylcholine release and the post-synaptic membrane are still active in such a concentration of alcohol. The sudden disappearance of e.p.p.s in the concentrated alcohol during the successive nerve stimulation is similar to that in calcium rich Ringer's solution (OKADA, 1961; ENDO, unpublished observation) and to that in tetrodotoxin (FURUKAWA, SASAOKA and HOSOYA, 1959) .
The amplitude of Ach potentials was increased at first and was decreased after several minutes and was below the original value after about 20 minutes in alcohol. Its largest amplitude was increased as the concentration of alcohol increased (up to about 1%) and was decreased to be lower than the original value in more concentrated alcohol. In the same way, the amplitude of e.p.p.s was increased in up to about 1.5% ethanol and was decreased in more concentrated ethanol. The mechanism of increase and decrease of Ach potentials in alcohols would be related to the process of " first excitation " by the anaesthetics, namely at first excitation and next anaesthesia. It is likely that the mechanism of the sensitization and the desensitization of the endplate receptor membrane in alcohol would be the same as that produced by acetylcholine THESLEFF, 1957b OTSUKA and ENDO, 1962) and the mechanism would be related to the changes in the permeability of the membrane to some ions.
The result that the amplitude of Ach potentials and e.p.p.s is increased in lower concentrations of alcohols and is decreased in higher concentrations, is comparable to the effect of alcohols on the stelate ganglia of cat (LARRABEE and POSTERNAK, 1952) .
The Ach potential is prolonged in alcohol-Ringer's solution markedly.
The half time of decay of Ach potentials in 2% ethanol was about 250% original.
It may be seen that alcohol reproduces the action of eserine (FENG and Li, 1941) but the mechanism of the increase of the amplitude of Ach potentials in alcohol would not be simply the anticholinesterase action like eserine because the effect of alcohol on the nerve terminal is quite different from that of eserine.
A recent report has also shown that the increase in the m.e.p.p. amplitude in ethanol is probably not caused by an anticholinesterase effect, since neostigmine does not prevent 0.16 M ethanol from causing its full effect on the m.e.p.p. amplitude (GAGE, 1965) .
Alcohols and acetone affect the m.e.p.p.s frequency markedly.
The frequency was about 13 times original in 2.5% ethanol and was about 6 times original in 2.5% acetone. Supposing that acetylcholine is stored in the synaptic vesicles of the nerve terminals (BIRK, HUXLEY and KATZ, 1960 ECCLES, 1957) , the membranes of the vesicles and of nerve terminals through which acetylcholine is permitted to pass, must be rather easily permeable to acetylcholine because acetylcholine is released spontaneously from the nerve terminals physiologically.
The increase of the m.e.p.p. frequency in alcohol or acetone, seems to
show that the permeability of the membrane concerned with the release of acetylcholine was increased by alcohol and acetone. The mechanism of the increase of the permeability is not well known. It might be related to the solubility of these drugs to the membrane.
Ether and chloroform did not increase the frequency and the amplitude of m.e.p.p.s.
The concentration of alcohol which increases the m.e.p.p. frequency is rather high (1% ethanol=171mM) but the increase of the frequency is not simply the result of the increase of osmotic pressure.
The osmotic pressure produced by alcohol would be complicated because alcohol penetrates the membrane.
The increase of osmotic pressure produced by sodium chloride or glucose, acts on the neuromuscular junction in a quite different manner from the increase of total amount of molecules produced by alcohols or acetone (unpublished observation).
The result of the present experiment shows that the effect of n-propanol on the m.e.p.p. frequency is much larger than that of methanol in the same doses (Mol) (FIG.8) in a lower concentration of ethanol (up to 1.5%) and was decreased in more concentrated ethanol solutions.
The increase of the amplitude of m.e.p.p.s in a lower concentration of alcohol might be explained by the increase of acetylcholine sensitivity of the receptor membrane, since the decrease of the effective resistance of the muscle membrane is very little. But that in a higher concentrated ethanol would be hardly explained by the changes in the post-synaptic membrane by the drug, because acetylcholine sensitivity of the membrane and effective resistance of the muscle membrane were decreased together in these concentrated ethanols. GAGE (1965) has suggested that alcohols would increase the sensitivity of post-synaptic receptor to the transmitter, since it seems likely that the increase in the effective resistance in ethanol are less than the increase in the m.e.p.p. amplitude and that ethanol has not an anticholinesterase action. But the present observations show that the acetylcholine sensitivity is decreased and is below the original value in over about 1% ethanol.
Thus it would be possible that the origin of the increase of the amplitude of m.e.p.p.s in ethanol is in the nerve terminal site (DEL CASTILLO and KATZ, 1954) .
The discrepancy in the times in which the amplitudes of Ach potentials and m.e.p.p.s have the largest values after addition of ethanol to the bath, would also suggest that the nerve terminal has a role on the increase of the m.e.p.p. amplitude.
Another possibility is that the decrease in the amplitude of Ach potentials in concentrated ethanol is the result of the artifact, because the amplitude of Ach potentials is unstable by nature.
If so, the decrease of the amplitude of e.p.p.s which is stable, in over about 1.5% ethanol might not be able to explain adversely.
It is likely that the decreases of the sensitivity and of the resistance of post-synaptic membrane cause the decrease of the e.p.p. amplitude in concentrated ethanols. The relation between the structures of alcohols and the effects on the neuromuscular junction is very interesting ; namely the longer is the chain of the molecule, the more marked is the effect, but the action is not clear in the molecular basis.
